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We have studied the keratin expression in 
normal and abnormal uterine cervix using the 
immunohistochemical method. Six commer- 
cially available keratin antibodies (M 630, 
CAM 5.2, RKSE 60, 1C 7, LL 002 and RCK 
108) were used to stain the cervical tissues. 
CAM 5,2 reacted with the immature meta- 
plasia strongly and the mature metaplasia 
weakly. 1C 7 and LL 002 reacted with 
the mature metaplasia strongly, compared 
to their reactivities In immature metaplasia. 
These results supported the Idea that when 
reserve cells transform into squamous meta- 
plasia, keratin 8 ceases to be expressed, 
and the synthesis of keratins 13 and 14 is 



initiated. The expression of keratin 8 was 
increased up to 77% of CIN M, compared to 
15% of CIN I and II. About 90% of the 
squamous cell carcinoma contained keratin 
8. Based on this observation, we hypoth- 
esized that the CIN lesions with expres- 
sion of keratin 8 are progressive Into cervical 
cancer. With respect to the keratin expres- 
sion of endocervlcal adenocarcinoma, 
keratins 8 and 19 were found in all the cases, 
although keratins 5, 10, 13 and 14 were not 
found. This result indicated that the en- 
docervical adenocarcinoma develops from 
the columnar cells. 
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I; Introduction 

Keratins comprise a family of at least 20 intermediate 
filament proteins catalogued from 1 to 20, exhibiting a 
tissue specific distribution pattern in the epithelia [10, 1 1]. 
The 20 members of the keratin family are distinguishable 
on the basis of their molecular weight, the isoelectric pH, 
the amino acid sequence, and the immunologic properties 
[10, 1 1]. Many studies have shown that the keratin com- 
position of cells varies in different cell types, and in 
different stages of differentiation or development [11, 12]. 
Thus, keratins have proved to be efficient tools for 
characterizing the differentiation of a particular cell type 
and for establishing the origin of certain cells. The 
keratin expression patterns in the normal cervix are known 
to a large extent, using specific monoclonal antibodies 
against the individual keratin polypeptides [5, 6, 8, 9, 16]. 
The distribution of the keratins in the normal cervix can 
be summarized as follows: ectocervical nonkeratimzing 



Correspondence to: Dt- Atsushi Ikegami. .Department of Obstetric* 
and Gynecology, Yamanashi Medical College, 1110 Shiraokuo, 
Tamaho, Nakakoma, Yamanashi 409-38, Japan. 



squamous epithelium shows a keratin pattern characteriz- 
ed by intense expression of keratins 4 and 13. In addition, 
keratins 5, 14 and 19 are detected in the ectocervical basal 
cell layer. The endocervical columnar cells contain 
keratins 8, 18 and 19. The endocervical reserve cells con- 
tain keratins 5, 8, 14, J 8 and 19. This keratin expression 
indicates that reserve cells have the potential to give rise 
not only to the squamous epithelial cells but also to the col- 
umnar cells. 

There have been a few studies with respect, to the 
keratin expression in cervical intraepithelial neoplasia 
(CIN) and cervical cancer t using specific keratin antibodies 
[4, 7, 9, 15]. These studies suggest that the keratin expres- 
sion pattern of these lesions may supply valuable informa- 
tion on whether a CIN lesion is progressive or regressive in 
nature and CIN lesions expressing keratins 8, 18 and )9 are 
progressive into carcinoma. The aims of this study are as 
follows: 1) to summarize the keratin expression in the nor- 
mal cervix, CIN lesion, and cervical cancer > 2) to analyze 
whether it is possible to distinguish between a progressive 
and a regressive CIN lesion based on keratin expression, 
and 3) to examine whether the endocervical adenocar- 
cinoma are derived from reserve cells. 



51 



03 FRI 10:25 FAX 6144472366 



CAS DDS 



©003 



52 



Jkcgami and Kato 



1h Materials and Methods 

Tissues 

Uterine Lissue was obtained by biopsies or hysterec- 
tomy performed on 54 women for cervical dysplasia or 
cervical cancer at the University Hospital of Yamanashi 
Medical College. Cervical tissues were fixed in 95% 
ethanol and embedded in paraffin. Normal ectocervical 
epithelium was diagnosed in 24 fragments, endocervical 
columnar cells in 29 fragments, reserve cells in 21 frag- 
ments, immature metaplasia in 21 fragments, mature 
metaplasia in 19 fragments, CIN I in 6 fragments, CTN II 
in 8 fragments, CIN III in 13 fragments, keratinizing 
squamous cell carcinoma in 8 fragments, large-cell non- 
keratinizing squamous cell carcinoma in 14 fragments, 
adenocarcinoma in 8 fragments. 

Antibodies 

Six monoclonal antibodies were used in this study. 
Their characteristics are summarized in Table 1 . 

Immunohistochemistry 

Keratin staining was performed using a LSAB (labell- 
ed-sueptavidin biotin) kit (Dako), Sections were depar ag- 
nized in xylene, rehydrated through alcohol, and then im- 
mersed in 3% hydrogen peroxidase in methanol for lOmin 
to block endogenous peroxidase activity. Sections were 
subsequently washed in phosphate-buffered saline (PBS), 
and normal goat serum was applied for lOmin to reduce 
non-specific antibody binding. The sections were in- 
cubated with the appropriately diluted primary antibodies, 
or with control normal mouse serum for 30 min at room 
temperature. The biotinylated goat antimouse IgG was us- 
ed as the linker. After washing, the streptavidin complex 
was applied, stained with diaminobenzidine and then 
counterstained with hematoxylin. The stainings were 
assessed as follows: (4-) strongly positive (more than 50% 
positive cells), ( + /-) weakly positive (less than 49% 
positive cells) and (— ) negative. 

III. Results 

Each of the antibodies used in this study reacted ex^ 
clusively with the epithelial cells. The staining pattern in 
the various components of the normal cervjx is summariz- 



Tahle 1. Antibodies used for the study 



Antibody 


Keratins recognized 


Dilution 


Source 


M 630 


I, 5, 10, 14 


1 in 50 


Dako 


CAM 5-2 


8 


1 in 10 


Becton-Dickinson 


RKSE60 


10 


lin 20 


Novocastra 


IC7 


13 


1 in 20 


Novocastra 


LL 002 


14 


lin JO 


Novocastra 


RCK 108 


19 


1 in 100 


Dako 



ed in Table 2. The percentage of staining for CAM 5 .2 in 
CIN lesions and cervical carcinoma is shown in Table 3. 

Squamous epithelium 

M 630 (keratins 1, 5, 10 and J 4) reacted with all layers 
of epithelium strongly. 1C 7 (keratin 13) reacted with the 
parabasal, intermediate, and superficial cells strongly. LL 
002 (keratin 14) reacted with the basal and parabasal cells 
strongly, and with the intermediate cells weakly. Staining 
with RCK 108 (keratin 19) was uniformly positive in the 
basal cells (Fig. 1). CAM 5.2 (keratin 8) and RKSE 60 
(keratin 10) were negative. 

Columnar cells 

All endocervical columnar cells strongly reacted with 
CAM 5.2 and RCK 108. M 630 (Fig. 2), RKSE 60, 1C 7 
and LL 002 were negative. 

Reserve cells 

Reserve cells appear in a few of the normal cervical 
glands as a single layer of cuboidal cells beneath the col- 
umnar cells. The majority of the reserve cells were 
strongly stained with M 630 (Fig. 2), CAM 5.2 and RCK 
108, and weakly with LL 002. RKSE 60 and 1C 7 were 
negative. 

Immature squamous metaplasia 

In all the cases, M 630 reacted with all layers strong- 
ly. CAM 5.2 (Fig. 3) and RCK 108 reacted with all layers 
in heterogeneous staining pattern. 1C 7 reacted with a few 
dispersed cells. LL 002 reacted with all epithelial layers 
weakly, with exception of the superficial layer. RKSE 60 
was negative. 

Mature squamous metaplasia 

The pattern of keratin expression was almost identical 
to that observed in ectocervical squamous epithelium. 
There was only slight reactivity for CAM 5.2 (Fig. 4). The 
reactivities for 1C 7 and LL 002, compared to those in 
immature squamous metaplasia, had increased. RCK 108 
reacted with all epithelial layers strongly (Fig. 1). 

CIN I, CINII 

In all the cases, M 630 reacted with all layers strong- 
ly. RCK 108 showed focal staining through the whole 
epithelium in 93% of the cases. 1C 7 reacted with 86% of 
the cases through the epithelium above the parabasal 
cells in the uniformly diffuse pattern. LL 002 reacted in 
all cases with varying intensity, leaving the superficial 
epithelium negative. RKSE 60 were negative in all the 
cases. CAM 5.2 reacted with 15% of the cases weakly. 

CIN III 

In all the cases, M 630 reacted with all layers strong- 
ly. RCK 108 showed homogeneous staining through the 
whole epithelium in 84% of the cases. 1C 7 reacted with 
70% of cases through the epithelium above the parabasal 
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M 630 CAM 5.2 


RKSE60 1C7 LL002 RCK 108 


Columnar cells 


4- 


_ + 


Reserve cells 


+ + 


— — +/— T" 


Immature mctfUMASis. 


+ + 




S 
I 

Mature metaplasia PB 
B 


+ +/" 
+ + /- 
+ + /- 


+ + 
+ + /- + 
+ + + 
- + + 


S 
1 


+ 


+ +/- 


Squamous epithelia PB 
B 


+ 
+ 


+ + 

+ + 


Abbreviation: S=supcrficial cells, I -intermediate edit, FB-parabasal cells, B- W cells 
Intensity: (+) strongly positive. (+/-) weakly positive, (-) negative 


Table 3. The percentage of staining for CAM 5.2 in CfN lesions 
and cervical carcinoma 


were shown with various staining patterns. The staining 
patterns were almost identical to that observed in keratiniz- 
ing carcinoma. RKSE 60 was positive in 15% of the 
cases. CAM 5.2 reacted with 93% of the cases in hetero- 


Type of lesion 


Staining for 
CAM 5,2 (%) 


Normal cctocervix 


0 


geneous staining pattern. 


[N = 24] 
CIN I, CIN n 
[N-H] 
CIN III 


15 
77 


Endocervical adenocarcinoma 

In all the cases, CAM 5.2 and RCK 108 were positive 
strongly, M 630, 1C 7, LL 002 and RKSE 60 were negative. 


[N=13] 

Squamous cell carcinoma keratinizing type 


88 


IV. Discussion 


[N=8] 

Large-cell nonkeratinizing type 
[N=14J 

Endocervical adenocarcinoma 
[N=S] 


93 
100 


We analyzed the expression of keratin in normal cer- 
vix, CIN lesions, and cervical cancer using a panel of an- 
tibodies directed against keratins. Previous studies done 
by us and others showed the superiority of ethanol over 
formalin as a fixative for the demonstration of keratins [2, 



6]. 



cells in the uniformly diffuse pattern, LL 002 reacted with 
varying intensity through the whole epithelium in 77% of 
the cases. RKSE 60 were negative in all the cases. CAM 
5.2 reacted with 77% of the cases in heterogeneous stain- 
ing pattern (Fig. 5). 

Keratinizing squamous cell carcinoma 

In all the cases, M 630, RCK 108, LL 002 and 1C 7 
were shown with various staining patterns. LL 002 
was positive in the basal cell compartment, which tended 
to decrease toward the inner cell compartment. 1C 7 
revealed only partial positivity in the inner cell compartment. 
RKSE 60, a marker for keratinization, was shown in 
dispersed cells in the inner cell compartment in 88% of the 
cases. CAM 5.2 reacted with 88% of the cases in hetero- 
geneous staining pattern (Fig. 6), 

Large-cell nonkeratinizing squamous cell carcinoma 

In all the cases, M 630, RCK 108, LL 002 and 1C 7 



Ecto- and endocervical epithelium 

The reserve cells reacted with M 630 (keratin 1, 5, 10 
and 14), CAM 5.2 (keratin 8) and RCK 108 (keratin 19) 
strongly. Endocervical columnar cells reacted with CAM 
5.2 (keratin 8) and RCK 108 (keratin 19) strongly, but did 
not react with M 630 (keratins 1, 5. 10 and 14). This com- 
panion of keratin expression between reserve cells and en- 
docervical columnar cells showed that keratins 8 and 19 
found in reserve cells were also found in columnar cells. 
As endocervical columnar cells belong to the end stage of 
differentiation, these results indicated that these cells are 
derived from reserve cells, most of which lost expression of 
keratins 1, 5 and 14 during differentiation into columnar 
cells. 

Squamous metaplastic epithelium 

We also were able to show how the keratin expression 
change when reserve cells differentiated from reserve cell 
hyperplasia through immature squamous metaplasia to 
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Fi R 1 RCK 108 (keratin 19) reacts with basal cells in squamous Fig. 4, Mature squamous metaplastic cells are stained weakly with 
epithelium -(left side) and all layers in mature metaplasia (right CAM 5.2 (keratin 8). x 100. 



side). xlOO. 




Fig, 2. Reserve cells arc stained strongly with M 630 (keratins 1, 5, 
10 and 14). Columnar cells show no reaction, x 150- 




Fig, 5. C1N HI shows heterogeneous staining pattern with CAM 
5-2 (keratin 8). x 150. 




Fig, 3. Immature squamous metaplastic cells are stained with CAM 
5.2 (keratin 8) in heterogeneous pattern. Columnar cells are stain- 
ed strongly with CAM 5.2. * 150. 




Fig. 6. KaratwuVjng squamous cell carcinoma is stained strongly 
with CAM 5,2 (keratin 8). x J 50. 
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mature squamous metaplasia. Smedis et aL [151 showed 
that the differentiation into squamous metaplasia is follow- 
ed by the loss of keratins 8 and 18 and a high content of 
keratins 5, 6, 14, 15 and 16, which are normally found 
in the squamous epithelium. In our study, CAM 
5.2 (keratin 8), which normally is found in the simple 
epithelium like columnar cells, reacted with the immature 
metaplasia strongly and the mature metaplasia weakly. 
Futhermore, 1C 7 (keratin 13) and LL 002 (keratin 14) 
reacted with the mature squamous metaplasia strongly, 
compared to their reactivities in immature squamous 
metaplasia. These results supported the idea that when 
reserve cells proliferate and transform into squamous meta^ 
plasia, keratin 8 found in endocervical columnar cells 
ceases to be expressed, and the synthesis of keratins found 
in squamous epithelium, such as keratins 13 and 14, is in- 
itiated. Based on these observation, we consider reserve 
cells to be a common progenitor of both the squamous 
metaplasia and the endocervical columnar cells. The strik- 
ing observation is the expression of keratin 19 in mature 
squamous metaplasia. Previous studies showed that 
keratin 19 was positive in the basal cells of the mature 
squamous metaplasia [7, 13, 15, 16]. In this study, RCK 
108 (keratin 19) reacted all layers of mature squamous 
epithelium strongly. We were able to distinguish squa- 
mous epithelium from mature squamous epithelium, using 
antibody RCK 108 (keratin 19). 

Cervical intraepithelial neoplasia 

The reserve cells lying below the columnar cells can 
transform into squamous metaplasia as described above. 
However, if this differentiation is disturbed by some 
stimulation, the reserve cells may proliferate into an 
atypical metaplasia or CIN lesions. It is widely accepted 
that most cases of CIN I and II regress, while a small 
percentage show progression to CIN III and cervical 
cancer. It is important to predict whether CIN lesions 
progress into cervical canceT or become regressive in 
nature. The question of whether it is possible to 
distinguish between a progressive and a regressive CIN 
lesion based on keratin expression is still open. The com- 
panion of the keratin expression between CIN III and 
CIN I and II showed a profound difference with regard 
to the keratin 8 expression. In this study, the expression of 
keratin 8 (CAM 5-2) was increased up to about 77% of 
CIN III, compared to 15% of CIN I and II. The positive 
percentage of keratin 8 expression found in up to 77% of 
CIN III was considerably higher than that found by 
Bobrow et aL [3] and Angus et al. [1], possibly because of 
the effect of formalin fixation and paraffin embedding. 
Smedts et aL [13, 15] showed that CAM 5.2 (keratin 8) 
reacted with 50% of CIN III, which were frozen 
materials. Our study of the keratin expresion in CIN 
lesions showed that keratin 8 (CAM 5.2) was found in 
a higher percentage of CIN III. About 90% of the 
squamous cell carcinoma was stained with CAM 5.2 
(keratin 8). Based on this observation, it is tempting to 



speculate that the CIN lesions with expression of the 
keratin 8 are progressive into cervical cancer in nature and 
the CIN lesions without expression of the keratin 8 are 
regressive in nature or will persist without progression. 
However, there is a possibility that CIN lesions produce 
keratin 8 during the progression of these lesions into cer- 
vical cancer. 

Squamous cell carcinoma 

The keratin phenotype of keratinizing squamous cell 
carcinoma was very complex, with expression of keratin 8 
(CAM 5,2) in 88% of the cases. Keratin 10 (RKSE 60), an 
ultimate marker for keratinizing, was found in 88% of the 
cases. In addition, keratins characteristic of nonkeratiniz- 
ing epithelium, ie> keratins 5, 13, and 14 were found in all 
the cases. The keratin expression of nonkeratinizing 
squamous cell carcinoma was almost identical to that 
observed in keratinizing squamous cell carcinoma, 
although keratin 10 (RKSE 60) was positive in 15% of the 
cases. The percentage of CAM 5.2 (keratin 8) staining 
was as high as that in keratinizing squamous cell car- 
cinoma. In pathological diagnosis* it may be difficult to 
distinguish a keratinizing squamous cell carcinoma from a 
nonkeratinizing squamous cell carcinoma. In such a case, 
keratin antibody RSKE 60 (keratin 10) may be useful. As 
the keratinizing squamous cell carcinoma is considered to 
have a poor prognosis, it is important to study the relation- 
ship between the keratin expression and the prognosis of 
squamous cell carcinoma. 

Endocervical adenocarcinoma 

Although the origin of the endocervical adenocar- 
cinoma is still unknown, it is generally accepted that this le- 
sion can arise from both the columnar cells and reserve 
cells. With respect to the keratin expression of endocer- 
vical adenocarcinoma, keratin 8 (CAM 5.2) and 19 (RCK 
108) were found in all the cases, although keratins 5, 10, 13 
and J 4 (M 630, RSKE 60, 1C 7 and LL 002) were not 
found. This keratin expression pattern is similar to that 
of the columnar cells, Moll et aL [11] reported the 
presence of keratins 7, 8, 17, 18 and 19 in endocervical 
adenocarcinoma using their gel electrophoretic studies but 
did not detect keratins 4, 6, 10 and 13. In contrast, 
Smedts et al. [14] reported that all endocervical adenocar- 
cinoma contain keratins 7, 8, 17, and 19, in addition to 
keratins 5 and 14 in most cases, using immunohisto- 
chemical methods. The keratin expression pattern of the 
endocervical adenocarcinoma is similar to that of the 
reserve cells. On the basis of these findings, Smedts et al. 
[14] suggested that the endocervical adenocarcinoma does 
not usually arise from the columnar cells but from the 
reserve cells. This discrepancy may be explained by the 
difference in the immunohistochemical procedure and the 
fixation of materials, ie, frozen or ethanol fixed paraffin 
embedded. Although the progenitor cells for the endocer- 
vical adenocarcinoma are considered to be the columnar 
cells and the reserve cells, it seems that the endocervical 
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adenocarcinoma develops from the columnar cells lining 
the endocervical canal, according to the keratin expression 
pattern in our study. 
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